1. Introduction {#sec1-biomolecules-09-00122}
===============

Physical activity, exercise and sports are broadly encouraged by governments and health authorities due to their unquestionable benefits for health and the quality of life \[[@B1-biomolecules-09-00122]\]. In this way, the World Health Organization (WHO) considers that the maximal oxygen uptake (VO~2max~) is the most important parameter in the functional capacity \[[@B2-biomolecules-09-00122]\]. Low values of VO~2max~ increase the risk of suffering hypertension, diabetes and metabolic syndrome \[[@B3-biomolecules-09-00122]\]. Besides endurance training, resistance training has demonstrated beneficial effects for increasing athletic performances and improving quality of life \[[@B4-biomolecules-09-00122]\]. It is considered beneficial for various pathologies such as dyslipidemia, diabetes, hypertension, cancer, fibromyalgia, multiple sclerosis and Parkinson's disease \[[@B5-biomolecules-09-00122]\]. Therefore, endurance and resistance training are included in exercise programs for improving health and fitness \[[@B6-biomolecules-09-00122]\].

Bodybuilding is one of the sports that prioritizes resistance training in its training program. A goal of performance for bodybuilders is to develop muscular hypertrophy and to obtain low fat levels based on a balanced body shape \[[@B7-biomolecules-09-00122]\]. To obtain their performance objective, bodybuilders consume a hypercaloric diet during off-seasons to increase their muscle mass to the maximum possible and, in the competitive season, reduce their body fat the maximum amount possible to obtain the highest definition before competition \[[@B8-biomolecules-09-00122]\]. To prepare for competition, bodybuilders perform aggressive dietary protocols \[[@B9-biomolecules-09-00122]\] which may lead to a loss of bone mineral density, depression, a deficit of micronutrients, an obsession for food or even a decrease of the libido \[[@B10-biomolecules-09-00122],[@B11-biomolecules-09-00122]\]. Furthermore, given that energy restriction prior to a competition has a negative effect on anabolic hormones, it can result in a reduction of the serum concentrations of hormones such as testosterone, insulin-like growth factor-1 (IGF-1) and insulin \[[@B12-biomolecules-09-00122]\]. Moreover, this situation can be aggravated, as bodybuilders declare they also intake numerous nutritional supplements (NS) which have a different scientific basis \[[@B13-biomolecules-09-00122]\]. In addition to the use of NS, this can result in a risk of inadvertent doping \[[@B14-biomolecules-09-00122]\]. Bodybuilders declare that they consume banned substances \[[@B15-biomolecules-09-00122],[@B16-biomolecules-09-00122]\] which fall into the category of "doping" because they are included in the list of prohibited methods and substances published by the World Anti-Doping Agency (WADA) \[[@B17-biomolecules-09-00122]\]. The aim of the consumption of banned substances is that many of them increase adaptations to physical training and physical performance. So, bodybuilders sometimes abuse banned substances such as diuretics, stimulants, or anabolic substances \[[@B15-biomolecules-09-00122],[@B18-biomolecules-09-00122],[@B19-biomolecules-09-00122],[@B20-biomolecules-09-00122],[@B21-biomolecules-09-00122]\]. Previous reports that have analyzed the prevalence of use of anabolic steroids suggest polypharmacy and high doses of injectable agents \[[@B16-biomolecules-09-00122]\].

Furthermore, we must take into account that some banned substances are prohibited according to the WADA code depending on the sport, since they can produce advantages or are dangerous for the consumer in some sports and not in others. Every year WADA issues a list of countries and sports organizations which comply with WADA's anti-doping code and are subject to its tests. Yet, it must be kept in mind that many professional sports, such as American football, and some federations, such as that of boxing, as well as many sports or sports physical activities such as bodybuilding, which is our case, do not comply with WADA's code and its anti-doping regulations \[[@B22-biomolecules-09-00122]\].There are limitations to obtaining precise data about the prevalence of consumption of banned substances. Current scientific evidence suggests that the consumption of NS is within a wide range that goes from 30 to 95% and which varies according to the context \[[@B23-biomolecules-09-00122]\]. The use of banned substances by athletes and the non-athletic population is estimated at 1--5% of the population and over 50% in some sports modalities, with a greater use in men than women \[[@B24-biomolecules-09-00122],[@B25-biomolecules-09-00122]\]. The use of doping agents, once restricted to professional athletes, has these days become a public health problem, as it also affects young and non-competitive amateurs in different sports \[[@B26-biomolecules-09-00122],[@B27-biomolecules-09-00122]\] and entails considerable risks for health that include, among others: cardiovascular illnesses, diabetes, cancer, mental health problems, virilization in women and the suppression of the androgens produced naturally in men \[[@B24-biomolecules-09-00122]\].

Given that bodybuilders frequently consume banned substances in large dosages \[[@B15-biomolecules-09-00122],[@B16-biomolecules-09-00122],[@B18-biomolecules-09-00122],[@B19-biomolecules-09-00122],[@B20-biomolecules-09-00122],[@B21-biomolecules-09-00122]\] and the lack of research which has analyzed the prevalence of the consumption of banned substances in competitive level bodybuilders, the aim of this study is to analyze the prevalence of banned substances consumption and NS intake in competitive level bodybuilders.

2. Materials and Methods {#sec2-biomolecules-09-00122}
========================

The participants of this investigation were national and international level competition bodybuilders. The requirements for participating in this study included having been federated in bodybuilding at a national level for a minimum of 0.5 years and having participated in a national or international competition in the 0.5 years before the start of the study. For the recruitment of the sample, all the Spanish bodybuilding and fitness associations sent an informative email to athletes who fulfilled the inclusion criteria, informing about the characteristics of this research and inviting them to collaborate. We sent a validated online questionnaire to all the subjects who responded positively to the invitation to participate in the study. The questionnaires were answered anonymously and with prior consent by each participant, this study being approved by a local Ethics Committee.

All the athletes who voluntarily participated in this research filled out a validated online questionnaire on NS consumption. Its content was validated, guaranteeing the characteristics of the format and the instrument´s appearance; the capacity of its structure, the questionnaire's questions, sequence and the response scale proposed; and its applications, prior an analysis of its shortcomings and benefits after revising the instruction of the instrument \[[@B23-biomolecules-09-00122]\]. The instrument is divided into three sections: ([Section 1](#sec1-biomolecules-09-00122){ref-type="sec"}) includes information about personal, social and anthropometric data; ([Section 2](#sec2-biomolecules-09-00122){ref-type="sec"}) the aim of this section is to analyze information about sports activities and their contextualization; ([Section 3](#sec3-biomolecules-09-00122){ref-type="sec"}) collecting information related to NS (including banned substances) consumption and the impact of this consumption on health. Finally, the survey included questions about the intake and the participants' perceptions of banned substances. This survey was approved and has scored a methodological quality of 54% in Knapik et al.'s review \[[@B28-biomolecules-09-00122]\].

The quantitative data was presented as a mean (M) ± standard deviation (SD), as well as having minimum and maximum values. The categorical variables were expressed using frequencies and percentages. With regards to NS, the frequencies of consumption was carried out based on the Australian Institute of Sport's (AIS) ABCD system \[[@B29-biomolecules-09-00122]\], a classification which divides NS into different groups according to the level of scientific evidence, where group A corresponds to NS with strong scientific evidence for use in specific situations in sport (including sports food, medical supplements and performance supplements), group B corresponds to emerging scientific support which merits further research (food polyphenols, amino acids, antioxidants, and others), group C corresponds to scientific evidence not supporting advantages amongst athletes and group D corresponds to substances banned or at a high risk of contamination that could lead to a positive doping test. The data were analyzed by the statistical analysis program SPSS version 22.0 (SPSS Inc., Chicago, IL, USA).

3. Results {#sec3-biomolecules-09-00122}
==========

A total of 61 bodybuilders completed the questionnaires, but finally, only 48 subjects (44 males and 4 females) were included in the study because 13 questionnaires were not appropriately filled out. At the sociodemographic level, the majority of the sample is non-students (64.6%), having higher education professional studies (29.2%), who are employees (41.7%), and who regularly carry out physical activity (100%). Training and bodybuilding competition characteristics are presented in [Table 1](#biomolecules-09-00122-t001){ref-type="table"}.

Out of the respondents, 95.8% stated that they are following a diet. The diets most used are those considered high protein diet (16.7%) and Mediterranean (16.7%). The main reasons why they follow a diet are: aesthetics (52.1%) and health (25%). Concerning the opinion of the participants about NS consumption, 100% of them are in favor of NS use and all the sample declared that they consume NS. The mean NS consumption is 19.27 (±9.99) supplements. Seeking a greater sports performance (81.25%) and an improvement of physique (43.75%) are the two main reasons for consuming NS. The NS most consumed by the respondents are shown in [Table 2](#biomolecules-09-00122-t002){ref-type="table"}. Those most used were: whey protein (96%), branched-chain amino acids (BCAA) (94%), creatine (85%) and vitamin complexes (83%).

83.3% of the participants declared that they had consumed or would consume banned substances. The data of banned substances consumed are shown in [Table 3](#biomolecules-09-00122-t003){ref-type="table"}. Analyzing the goal of the consumption, the main reason is to improve their sports performance (87.51%). Finally, 68.8% of the respondents consider that the use of banned substances in the bodybuilding world is 5 (score out of 1 to 5), and the remaining (31.2%) 4 (score out of 1 to 5).

4. Discussion {#sec4-biomolecules-09-00122}
=============

The main result of this research is the high prevalence (83.3%) of banned substances in competitive level bodybuilders, in line with previous research \[[@B20-biomolecules-09-00122],[@B21-biomolecules-09-00122]\]. As in other studies \[[@B16-biomolecules-09-00122]\], we have detected an abuse of anabolic steroids as the most consumed banned substances (72.9%). Although the cases that come to light create awareness through the mass media, the quantification of the real use of banned substances by athletes is very complex. Nevertheless, in 2013 WADA reported that 2.1% (n = 5962) of the total samples analyzed (n = 269,878) resulted in an \"adverse analytical finding\" or an \"atypical finding\". Of these, 63.0% were anabolic substances (data which coincide with this study); 10.1% were stimulant agents; 7.5% were masking agents, such as diuretics; 6.3% were glucocorticosteroids; 3.8% were growth factors, peptide hormones and similar substances; and 3.6% were cannabinoids; the rest of the categories caused \<3% of the atypical or adverse findings, the total of all these being approximately 6% of all the results obtained \[[@B24-biomolecules-09-00122]\]. Comparing our results with the data of WADA, surveys can be useful to analyze the prevalence of banned substances consumption, at least in sports modalities such as bodybuilding where athletes are not submitted to antidoping tests, but their main limitations are related with the differences in the definitions of doping and banned substances for social reasons other than performance improvement, as well as trust in the honest self-reporting of an illicit activity \[[@B24-biomolecules-09-00122]\].

Analyzing the goal of banned substances, our results are similar to NS intake. Seeking a greater sports performance, along with a better appearance, are the main reasons why banned substances are consumed, as occurs in the bibliography reviewed \[[@B16-biomolecules-09-00122],[@B26-biomolecules-09-00122],[@B30-biomolecules-09-00122],[@B31-biomolecules-09-00122]\]. An alternative to banned substances consumption is that of NS, given that some NS have demonstrated strong scientific evidence about their ergogenic effect on sports performance \[[@B32-biomolecules-09-00122]\]. In this sense, our results reflect that competitive level bodybuilders have a high consumption of NS that could have an ergogenic effect on their performance. For example, 96% of participants consume whey protein, 85% creatine, 83% complex vitamin and 75% caffeine.

The intake of post-exercise protein stimulates the synthesis of myofibrillar protein and a positive nitrogen balance \[[@B33-biomolecules-09-00122]\], but only the essential amino acids have demonstrated an improvement of myoprotein synthesis \[[@B34-biomolecules-09-00122]\]. Thus, whey protein is more effective that another type of protein, such as soya, for this positive effect \[[@B35-biomolecules-09-00122]\]. Many bodybuilders have diets with a low quantity of micronutrients in precompetitive and competitive diets and complex vitamins and minerals could be beneficial to avoid micronutrient deficits \[[@B13-biomolecules-09-00122]\]. In addition, the consumption of creatine (a prevalence of 85%) and caffeine (a prevalence of 75%) could be considered as ergogenic aids in bodybuilding. Creatine supplementation increases the restauration of phosphocreatine \[[@B36-biomolecules-09-00122]\], the main energetic substrate in maximal efforts with a duration of less than 30 s \[[@B37-biomolecules-09-00122]\]. Given that phosphocreatine depletion could be a limiting factor in bodybuilding and with the evidence of the ergogenic effect of this supplement to improve hypertrophy and strength \[[@B38-biomolecules-09-00122],[@B39-biomolecules-09-00122]\], bodybuilders can benefit from creatine supplementation. Caffeine, for its part, is a potent stimulator of the sympathetic nervous system, improving the recruitment of motor units, the Na^+^--K^+^ pump response and the rate of calcium release from the sarcoplasmic reticulum \[[@B40-biomolecules-09-00122]\]. These effects explain the ergogenic effect of caffeine supplementation on strength and power performance in resistance training \[[@B41-biomolecules-09-00122]\].

In addition to previous NS, bodybuilders could improve their sports performance with other NS with a lower prevalence of consumption, such as B-alanine (52.1%), sodium bicarbonate (12.5%) or beetroot juice (6.25%). Dietary intake of B-alanine is the limiting factor of muscle carnosine synthesis \[[@B42-biomolecules-09-00122]\], so prolonged B-alanine supplementation increases muscle carnosine levels \[[@B43-biomolecules-09-00122]\]. The increase of carnosine levels can improve performance in efforts with a high glycolytic contribution (like bodybuilding) by improving the calcium bioavailability at the sarcoplasmatic level, by transporting calcium from the sarcoplasmic reticulum at sarcoplasm, while regulating intramuscular pH, by transporting an H^+^ to the cell membrane \[[@B44-biomolecules-09-00122]\]. Thus, it has been demonstrated that B-alanine supplementation, in combination with creatine, increases the training load and levels of lean mass with respect to the exclusive intake of creatine \[[@B45-biomolecules-09-00122]\]. Furthermore, it has recently been reported that supplementation with BA increases both 1 RM and the maximum power levels at 1 RM loads and maximum power levels after a period of supplementation in combination with resistance training \[[@B46-biomolecules-09-00122]\]. In the same way, sodium bicarbonate supplementation improves extracellular pH regulation. Sodium bicarbonate supplementation has been shown to have a greater training volume in a resistance training session with hypertrophy orientation \[[@B47-biomolecules-09-00122]\], as well as in a series with the maximum number of possible repetitions with a load corresponding to 80% of 1 RM \[[@B48-biomolecules-09-00122]\]. Beetroot juice supplementation, due to its high content of nitrates (NO~3~^−^), is effective for increasing nitric oxide (NO) levels \[[@B49-biomolecules-09-00122]\]. NO has important metabolic and hemodynamic functions, such as vasodilatation, an increase of muscular perfusion, gaseous exchange mitochondrial efficiency and enhanced muscle contraction \[[@B50-biomolecules-09-00122]\]. In this way, beetroot juice supplementation has demonstrated improving power during dynamic contractions \[[@B51-biomolecules-09-00122],[@B52-biomolecules-09-00122]\] and has been proposed as an ergogenic NS in resistance training \[[@B53-biomolecules-09-00122]\].

The adverse effects of the use of NS may be due to factors such as safety and/or composition, as well as inappropriate use by athletes \[[@B32-biomolecules-09-00122]\]. Among the different possible negative effects associated with the use of NS are: positive, voluntary or involuntary, in a doping test, sports performance impairment and/or adverse health effects \[[@B54-biomolecules-09-00122]\]. Thus, it is important to know that NS can contain harmful and doping substances among which stimulants, estrogenic compounds, diuretics and anabolic agents are found, including anabolic and androgenic steroids, design steroids and prohormones \[[@B55-biomolecules-09-00122]\], and even the presence of heavy metals such as mercury in whey protein supplements \[[@B56-biomolecules-09-00122]\].

The data gathered in a study carried out by Geller et al. (2015), in which it is indicated that each year there are more than 23,000 emergency visits due to adverse events related with NS of which 9% end in hospitalization \[[@B57-biomolecules-09-00122]\]. A more appropriate approach is to ask if the NS or ergogenic help considered really fulfills the three indispensable requirements of effectiveness, safety and legality \[[@B58-biomolecules-09-00122],[@B59-biomolecules-09-00122],[@B60-biomolecules-09-00122]\]. Taking this into account, to foster the effective use of NS, maximize the taking of nutrients coming from foods to minimize or suppress NS use and, perhaps most importantly, to control and report on the great risks of the consumption of banned substances are the areas of education most needed in this environment.

An adequate and responsible use of supplementation by athletes and the professionals who advise them is essential. The knowledge about NS is fundamental due to the importance acquired by NS in the performance and health of the athletes. This knowledge must go beyond the effectiveness of NS, focalizing in the safety and legality of NS, since these three aspects (efficiency, safety and legality) produce most of the existing problems in relation to supplements on the sport \[[@B61-biomolecules-09-00122]\].

5. Conclusions {#sec5-biomolecules-09-00122}
==============

Bodybuilders of competitive level present a high consumption of banned substances (83.3%), including, as in previous studies, a higher consume of anabolic steroids. Analyzing the NS consumption, we have found an elevated consumption of NS, such as whey protein, creatine, complex vitamin and caffeine, which could increase sports performance. However, we have registered a low intake of NS, like B-alanine, sodium bicarbonate or beetroot juice, which could also increase their sports performance.
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###### 

Training and bodybuilding competition characteristics of the participants.

  Measure                      Average (± SD)   Range (Minimum--Maximum)
  ---------------------------- ---------------- --------------------------
  **Age (years)**              28.88 (8.1)      16.00--46.00
  **Years associated**         2.96 (3.4)       0.50--15.00
  **Weekly training days**     5.48 (0.9)       3.00--7.00
  **Daily training hours**     1.73 (0.5)       1.00--3.00
  **Number of competitions**   1.73 (1.2)       1.00--4.00

SD = Standard deviation.
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###### 

Consumption of nutritional supplements (NS) by participants according to the Australian Institute of Sport's (AIS) classification.

  Group                     Subcategories                Supplements    \(n\)   \%
  ------------------------- ---------------------------- -------------- ------- ----
  A                         Sport Foods                  Whey protein   46      96
  Bars                      31                           65                     
  EAA                       31                           65                     
  Non-whey protein          24                           50                     
  Isotonic drink            27                           56                     
  Medical supplements       Vitamin complexes            40             83      
  Mineral complexes         28                           58                     
  Vitamin D                 26                           54                     
  Performance supplements   Creatine                     41             85      
  Caffeine                  36                           75                     
  Beta-alanine              25                           52                     
  Amino acids               BCAA                         45             94      
  EEAA                      31                           65                     
  Others                    Omega-3                      38             79      
  L-Carnitine               34                           71                     
  HMB                       15                           31                     
  C                                                      Arginine       35      73
  Magnesium                 28                           58                     
  CLA                       28                           58                     
  Testosterone booster      29                           60                     
  Hormone precursor         25                           52                     
  Chromium picolinate       21                           44                     
  Ginseng                   17                           35                     
  Evening primrose oil      16                           33                     
                            Medium chain triglycerides   15             31      
  Flax oil                  14                           29                     

BCAA: branched-chain amino acids; CLA: Conjugated linoleic acids; EAA: essential amino acids. \* Data of Consumption of Group D are presented in [Table 3](#biomolecules-09-00122-t003){ref-type="table"}.
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###### 

Consumption of banned substances.

  Categories                         Supplements         \(n\)   \%
  ---------------------------------- ------------------- ------- ------
  Stimulants                         Ephedrine           32      66.7
  Pseudo-amphetamines                10                  20.8    
  Prohormones and hormone Boosters   Anabolic steroids   35      72.9
  Insulin                            30                  62.5    
  Testosterone enhancers             27                  56      
  Hormone precursors                 24                  50      
  Growth hormones                    11                  22.9    
  Other                              Diuretics           28      58
